The appearance of several disulfide bond isoforms in multiple cysteine containing venom peptides poses a significant challenge in their synthesis and purification under laboratory conditions. Recent experiments suggest that careful tuning of solvent and temperature conditions can propel the disulfide bond isoform equilibrium in favor of the most potent, native form. Certain aqueous ionic liquids (ILs) have proven significantly useful as solvents for this purpose, while exceptions have also been noted. To elucidate the molecular level origin behind such a preference, we report a detailed explicit solvent replica exchange molecular dynamics study of a conotoxin, AuIB, in pure water and four different aqueous IL solutions ( 
Introduction
Significant insight can be obtained into the vital biological networks present in higher organisms from the highly toxic venom molecules synthesized by them. Marine organisms are a source of innumerable venom peptides, a considerable number of which possess significant therapeutic promise. For example, conopeptides, the neurotoxic venoms produced by marine cone snails, are very aggressive and specific towards the human nervous system, attacking ion channels, receptors and transporters. Hence, they have been extensively researched for development as pain relievers or antinociceptive agents (Becker and Terlau 2008) . Usually, conotoxins are~10-to 40-residues long containing at least two or three disulfide bonds. The signature motifs of cysteine (Cys) and disulfide cross-links present in conopeptides help to maintain the proper three-dimensional structure essential for the toxin function and selectivity (Khoo et al. 2009 (Khoo et al. , 2012 Góngora-Benítez et al. 2013) . Additionally, the presence of multiple Cys residues pose the risk of formation of several disulfide bond isoforms when synthesized from linear precursors (Miloslavina et al. 2009; Heimer et al. 2014) . The distinct isoforms possess unique structural and functional properties involving differences in potency and other attributes. However, the identification of proper disulfide pairing in a protein containing several Cys residues is exceedingly difficult, owing to incomplete disulfide bond formation and disulfide scrambling (Gupta et al. 2010) . Scrambling of disulfide bond isoforms in such peptide venoms is a serious challenge towards their chemical synthesis and characterization, a technical hurdle often impossible to overcome in laboratories.
Conopeptide AuIB, a 15-residue toxin has been isolated from the marine cone snail species, Conus aulicus (Kaas et al. 2008) . AuIB belongs to the 'A' superfamily of Conotoxins and is a specific non-competitive inhibitor of the α 3 -β 4 subtype of the neuronal nicotinic acetylcholine receptors (nAChR) located in the mammalian postsynaptic membranes (Kaas et al. 2008 (Kaas et al. , 2010 (Kaas et al. , 2012 Grishin et al. 2010 Grishin et al. , 2013 Luo et al. 1998; Cho et al. 2000; Lebbe et al. 2014) . It belongs to the framework-I and α4/6 subfamily of α-conotoxins, and the native globular isoform is noted for possessing a very robust α-helix stabilized by two disulfide bonds (Kaas et al. 2010) . The α4/6 subfamily indicates the presence of 4 and 6 noncysteine residues between the 2nd and 3rd and 3rd and 4th cysteine residues, respectively, in AuIB (Luo et al. 1998 ). The amino a cid seque nce o f AuI B is given by GCCSYPPCFATNPDC. In native AuIB, the disulfide bridges connect the cysteine residues at positions 2-8 and 3-15, and the peptide has a globular structure. However, two other combinations of disulfide crosslinks are also possible, leading to the non-native 'beads' (2-3; 8-15) and 'ribbon' (2-15; 3-8) isoforms of AuIB. The numbers in parentheses denote the combination of the Cys residues in the peptide forming a S-S bond. AuIB is very special with respect to affinity and selectivity towards its receptor. Usually, conotoxins that target the α 3 -β 4 nAChRs, also inhibit the α 2 -β 3 subtype with comparable potency. However, AuIB selectively blocks only the α 3 -β 4 subtype. AuIB is also unique because the non-native ribbon isoform is shown to be a more potent competitive inhibitor of the receptor than the native globular form (Lebbe et al. 2014) .
It is well known that biomolecular structure and function are strongly influenced by the nature of the associated solvent and solvation dynamics (Bellissent-Funel et al. 2016; Ren et al. 2012) . In particular, solvation and solvation dynamics of biomolecules in ionic liquids (ILs) are immensely diverse and have opened up a new era of experimental and computational studies, contributing greatly to the understanding of the molecular level details of the biomolecule-IL interface (Benedetto and Ballone 2016a, b; Schroder 2017) . Ionic liquids have long been considered as environment conducive compared to conventional volatile organic compounds typically used as solvents for the synthesis of organic/bio-molecules, owing to their distinctive properties, such as very low vapor pressure, high thermal stability, non-flammability, noncombustibility and high ionic conductivity, to just name a few (Sheldon 2001; van Rantwijk and Sheldon 2007; Welton 1999) . As solvents, ILs have been extensively studied for preserving biomolecules under extreme thermal conditions (Naushad et al. 2012) . The technological efficacy of some biomolecules like proteins, nucleic acids and enzymes are also significantly enhanced in the presence of ILs as compared to conventional solvents (Sivapragasam et al. 2016) . However, the dissolution ability of ILs is perhaps the most widely exploited property in the field of bio-molecular synthesis, extraction and preservation. ILs have been found to strongly affect protein structure and function by depleting the protein surface of water molecules, which are otherwise crucial in preserving the functional environment and polarity of the biomolecule. Especially, the IL anions having high Hbond basicity often significantly interfere with the native protein structure by tempering the existing H-bond networks (Yang 2012) . With the help of a nucleophilic anion, an IL molecule can break through the strong H-bonding networks of hydrophobic biomolecules, subsequently dissolving them Zhao 2016) . Recent studies have shown the remarkable ability of certain ILs to cleave disulfide bonds in proteins thereby inflicting significant changes in the protein secondary structure (Zhang et al. 2017; Guo et al. 2015) . The ability of the ILs to dissolve a biomolecule further impacting the secondary structural elements of the protein depends strongly on the nature of the IL ions (Zhang et al. 2017) . For the dissolution of hydrophobic peptides in particular, followed by their oxidative folding, the IL of choice is 1-ethyl-3-methyl-imidazolium acetate, [Im 21 (Miloslavina et al. 2009; Heimer et al. 2014; Zhao et al. 2006) . However, recent findings indicate that all ILs essentially act as denaturants, and the size symmetric [Im 21 ] [OAc] is not an exception (Diddens et al. 2017) . MD simulations probing preferential solvation of native and denatured states of a short hairpin peptide by Smiatek and co-workers have shown that OAc − strongly dehydrates peptides by accumulating in large numbers in the close vicinity of the biomolecule (Diddens et al. 2017; Lesch et al. 2015) . In general, the presence of a kosmotropic anion and a chaotropic cation in [Im 21 ][OAc] is believed to play an important role in protein stabilization . A groundbreaking work by Muttenthaler et al. showed that mutation of complementary cysteine pairs by selenocysteine pairs leads to the targeted native folding in at least five different classes of α-conotoxins . The enhanced hydrophobicity of the diselenide bond further increased the potency of these toxins towards their respective nicotinic acetylcholine receptors . In a more conventional chemical strategy, the complicated disulfide bond isoform population distribution can be significantly propelled towards a particular isoform by the careful choice of solvent and temperature conditions, as suggested by a recent series of experiments by Imhof and co-workers (Miloslavina et al. 2009; Heimer et al. 2014) . The biocompatible ionic liquid [Im 21 ][OAc] in particular helps the linear precursors of several conopeptides, like μ-SlllA, μ-PlllA and δ-EVlA, fold into the native isoform at room temperature in the absence of auxiliary redox agents and organic solvents (Heimer et al. 2014) . Again, there are also reports in which [Im 21 ] [OAc] is shown to disfavor the formation of native folds in multiple cysteine-containing conopeptides, α-GI and CCAP-vil amongst others (Heimer et al. 2014; Lesch et al. 2015; Miloslavina et al. 2010) . Thus, there appears to be a lacuna in understanding the particular reason why a given ionic liquid would favor a given disulfide bond isoform and the origin of the exceptions. This work is thus an attempt to recognize the reasons behind such preferences of ionic liquids in biasing the disulfide scrambling equilibrium towards a given isoform.
At this point, it is worth investigating if peptide sequence and disorder in secondary structures also play a decisive role in dictating whether an IL would favorably interact with it to promote native folding. A comprehensive review by Schröder gives a wonderful comparison of the various interactions that an IL may have with a peptide and the factors affecting the final fate of stabilization/destabilization (Schroder 2017) . The stability and solubility of a peptide are strongly controlled by the nature of its interface with the solvent. Strong H-bonding between the IL ions and the peptide may result in large accumulations of ions in the vicinity of the peptide leading to its dehydration and subsequent destabilization (Schroder 2017; Lesch et al. 2015 ). An earlier impression was that the salts interfered with the structure of the water around the biomolecules, thereby affecting their solubility (Von Hippel and Wong 1964) . However, subsequent studies have revealed that the ionic salts do not significantly alter the structure of bulk water. Rather, the solvated ions interact non-specifically with the biomolecular surface so as to alter the latter's physicochemical properties. Usually, the kosmotropic/chaotropic effect of the ions is only perceivable very close to the peptide, in its first solvation shell, and the impact fades away at distances from the peptide (Omta et al. 2003; Gurau et al. 2004; Zhang et al. 2005) .
The dissolution of a biomolecule and the structure it exhibits in a complicated solvent system like that of aqueous ILs involve influences from multiple parameters like the polarity of the IL, the hydrophobicity of the IL ions, H-bonding donating and accepting abilities, etc. Apart from these, another well-explored property that helps in understanding the ionic hydration of biomolecules is the kosmotropicity or chaotropicity of the concerned ions, based on the classification made by Franz Hofmeister. Hofmeister, in his seminal work, showed that ions have differential abilities to Bsalt-inô r Bsalt-out^proteins from solutions and can be ordered into a series called the Hofmeister series (Gurau et al. 2004; Zhang et al. 2005; Hofmeister 1988; Tadeo et al. 2009 ). However, it is not always straightforward to correlate the salting-in/salting-out ions with chaotropes/kosmotropes, as pointed out by Zangi (2010) . In fact, the salting-out phenomenon is an overall outcome of the tendency of proteins to correct folding and relative ordering, while enhanced solubilization with saltingin effect might lead to unfolding and subsequent aggregation or fibril formation (Benedetto and Ballone 2016) . Ions that interact strongly and engage in H-bonding with water (like OAc − ) can increase the water-structuring/order and are classified as 'order makers' or 'kosmotropes'. Ions, which leave the water structure relatively unperturbed are called 'chaotropes'. Cl − is marginally chaotropic Zhao 2006 Zhao , 2016 ) in an IL seems very significant as the former interacts strongly with water, expelling the latter from the strong anion-water network. The cation thus acts as a surfactant for the peptide molecule, and its concentration near the peptide surface may exceed that of the anion, regardless of the peptide charge, as confirmed by previous studies (Haberler et al. 2011 (Haberler et al. , 2012 Klähn et al. 2011) . Interestingly, the mean residence time of the anions near the peptide surface is usually much longer compared to the cations due to strong electrostatic and H-bonding interactions with specific positively charged amino acid residues in the peptide, especially arginine, lysine and histidine. The IL cations, on the other hand, only interact strongly with residues like glutamic acid and aspartic acid (Klähn et al. 2011) . The destabilization of a peptide caused by an IL is most prominent in the solvent-exposed surface regions. The presence of coils makes the peptide more prone to attack by IL ions than helices and strands, which make the peptide structure compact and less solvent-exposed (Klähn et al. 2011) . The sequence of the peptide and the disulfide bonds formed thereafter often dictate the solvent-exposed surface area of the peptide. Here probably lies the origin of the preference of an IL towards a given disulfide bond isoform in conopeptides, as the isoforms are often found to have different solvent-exposed surface areas (Dillon et al. 2008; Wan et al. 2011 ).
The present report addresses the phenomenon of disulfide scrambling in a neurotoxic conopeptide, AuIB, solvated in either water or four different aqueous IL solutions and the associated solvent-induced bias in the population distribution of different disulfide bond isoforms. The report also compares the general nature of preferential ionic solvation in AuIB and the effect of specific IL cations and anions on the peptide, as they are ranked in the Hofmeister series. Using explicit solvent replica exchange molecular dynamics (REMD) simulations, we investigate in detail the disulfide bond isoform equilibrium in AuIB responsible for the formation of a cocktail of isoforms in solution.
Simulation details
The starting coordinates of the ribbon isoform of AuIB (PDB ID: 1MXP) is obtained from the solution phase NMR structures of the peptide deposited in the RCSB Protein Data Bank (Berman et al. 2000; Dutton et al. 2002) . All MD simulations employed NAMD as the molecular dynamics software (Kale et al. 1999; Phillips et al. 2005) . The AMBER all atom force field developed by Cornel et al., and modified in CHARMM format, has been used to describe the bonding and nonbonding potentials of AuIB (Cornell et al. 1995) . As mentioned in our previous works on AuIB (Roy and Lakshminarayanan 2016; Sajeevan 2017) , this particular force field can parameterize the terminal as well as the non-terminal cysteine residues in AuIB, which may be either disulfidebonded or reduced. The water molecules are explicitly modeled by the TIP3P force field as incorporated in CHARMM (Jorgensen et al. 1983; Jorgensen and Jenson 1998) . The force field for the ionic liquid cation 1-alkyl-3-methylimidazolium is adapted from the work of Chaban et al. (2011) , while the parameters for the anions OAc − and Cl − are taken from Charmm General Force Field, CGenFF (Vanommeslaeghe et al. 2009 ). The force fields used to model the peptide and the ionic liquids are compatible with each other. We further modified the starting structure of the ribbon isoform of AuIB obtained from the Protein Data Bank by breaking the disulfide bond pairs, which is equivalent to the experimental condition of the complete reduction of the disulfide bonds in the peptide. This step is necessary as we aim to follow the structural evolution of a particular disulfide bond isoform into another, given that classical MD simulations cannot follow bond breaking and making processes. For the neat water simulations, the reduced peptide AuIB is solvated in a cubic box of TIP3P water containing 2850 water molecules and equilibrated for 40 ns in a NPT ensemble at 305 K and 1 atm. The final cubical box length is 44 Å along each axis. The center of the box is then moved to the center of mass of the peptide and all waters are wrapped. From this equilibrated box, a smaller cube of edge length 26 Å containing the peptide at the center is scooped out for further REMD simulations. The box prepared for REMD simulation contains the peptide along with the first hydration shell of 586 water molecules. For the simulations of the peptide in water-IL mixtures, 460 water and 52 IL molecules are equilibrated for 40 ns in a NPT ensemble at 305 K. The equilibrated cubical boxes have edge length~30 Å. Thus, the aqueous IL solutions contained~45-60% IL (v/v). The REMD simulations for peptide/water are run for 50 ns, while that for peptide/ water-IL mixtures are run for 85 ns.
In all the simulations reported, a time step of 2 fs is used. The non-iterative SETTLE algorithm is used to keep waters and all bonds involving hydrogen rigid (Miyamoto and Kollman 1992) . The REMD simulations for the peptide/water system consisting of 26 replicas have been run between temperatures 279-415 K with an exchange probability of~0.5. For the peptide/water-IL system, 30 replicas have been simulated between 305 and 600 K with an exchange probability of~0.3. The last 50 ns of peptide/ aqueous IL systems and the last 40 ns for peptide/pure water system are considered for data analysis. Only the lowest temperature replica for each system (279 K for peptide/water and 305 K for peptide/water-IL) is considered for further structural analysis. Visualization of the structure and partial analysis of the replica exchange trajectories have been carried out using VMD (Humphrey et al. 1996) . PLUMED (Bonomi et al. 2009; Tribello et al. 2014 ) has been used to calculate the S-S distances in AuIB. MATLAB (R2015b, v.8.0) has been used to analyze and plot the simulation data.
Results and discussions
The structures of the globular and ribbon isoforms of AuIB along with the ionic liquid cations/anions studied in this work are depicted in Fig. 1 . REMD simulations of peptides in explicit solvents are challenging owing to the strong masking effect of the solvent-solvent interaction potential on the total energy of the system during replica exchange (Periole and Mark 2007) . When explicit solvent molecules are present, the peptide itself may not play the pivotal role in choosing its conformer during conformation sampling. Thus, it is essential to ensure that the peptide, the principal molecule of choice in the current study, is actually able to exploit its conformational energy to scan the coordinate space effectively during the REMD simulation. Fig. 2a, b shows the potential energy distributions of respectively, the total system (peptide plus solvent) and the only peptide for the AuIB/water-[Im 21 ][OAc] case. While the distributions for the total energy are Gaussian as correctly expected from a temperature-REMD simulation, the ones with peptide alone are long-tailed. In this study, a high degree of overlap is observed between the peptide-only energy distributions, as observed previously by Periole and Mark (2007) However, the temperature effect is clearly seen in the widening of the distributions of the peptide potential energy (Fig. 2b) as the thermal energy of the replica is increased. Thus, it appears that, although the system is predominantly sensing solvent fluctuations during specific exchanges, it does seem to also percieve the conformations of the peptide when long trajectories are considered for analysis. Following the recommendations of Abraham and Gready (2008) , we have assessed the mixing efficiency of our REMD simulations. In our case, for peptide/water and peptide/water-IL systems, respectively, the number of exchange attempts are 50,000 and 85,000, the swap interval is 1 ps and the total simulation lengths per replica are 50 ns and 85 ns. All these metrics should collectively lead to a reasonable REMD run.
The principal aim behind this endeavor is to investigate how the different aqueous IL solutions help promote native globular folding in conotoxin AuIB. Towards this end, we have scanned the conformation space of AuIB in water and four aqueous IL solutions (Fig. 3) . The purpose is to find the relative probability of obtaining three disulfide bond isoforms of AuIB and to understand the solvent influence on the process of disulfide scrambling. Since, in classical molecular dynamics force fields, bond making/breaking cannot be followed, the event of formation of a given disulfide bond is ascertained from the proximity of the sulfur (S) atoms of two cysteine residues under consideration, within a cutoff distance of 5 Å. Breaking the disulfide bonds through modeling of totally reduced AuIB is thus a necessary starting step in this study, as it attributes maximum freedom to the peptide to explore the conformation space and overcome the bias of the starting conformation. Figure 3 shows the S-S distance distributions for the three disulfide bond isoforms of AuIB in five solvation environments. The heat maps indicate the frame number density at a given S-S distance combination, unique for a given isoform. The plot uses 5000 snapshots belonging to the lowest temperature replica alone in each case, except for pure water, where 4000 snapshots are sampled. Essentially, the frames obtained within the 5 × 5 Å 2 box are used for predicting the probability of observing the specific disulfide bond isoform in a given solvent. This includes those snapshots for which both the distance identifiers fall below a critical threshold value of 5 Å, which in turn increases the probability of the formation of a disulfide bond under oxidative conditions.
Figure 3 reveals two features of the frequency of occurrence for the three disulfide bond isoforms. Firstly, it is worth knowing how many snapshots actually fall within the 5 × 5 Å 2 region for a given isoform in a given solvent system. This number might be reminiscent of the folding propensity of AuIB in that particular solvation environment. Secondly, the normalized relative probability of obtaining three isoforms in a given solvent system is important to understand the bias that the solvation environment imputes towards a particular isoform. Table 1 lists the actual number of snapshots considered for frequency calculation in all the systems. From the data, it is evident that, while the overall folding yield for all the three disulfide bond isoforms, estimated by the snapshot hits within 5 × 5 Å 2 of their corresponding distance identifiers, is highest for AuIB solvated in aqueous [Im 21 ][Cl] solution, the solvent bias towards the native globular isoform is highest in the Fig. 1 (Miloslavina et al. 2009; Heimer et al. 2014; Tietze et al. 2012) . It is also worth noting that, despite starting the simulations from the modified crystal structure of the ribbon isoform of AuIB (PDB: 1MXP), at the end of the REMD simulation, the bias of the starting structure is not at all noticeable. Significant population redistribution from the ribbon isoform of AuIB to the globular or beads isoforms is noted in all the five solvent systems. The relative proportions of the different isoforms of AuIB in water and the four aqueous IL solutions are tabulated in For peptide/water simulations, 279 K is the lowest temperature replica. and for peptide/aqueous IL system it is 305 K. Data from only the lowest temperature replica of each system are used for the analysis. The numbers in parentheses are the actual number of snapshots from the lowest temperature replica coming within the cutoff of 5 Å for both the distance identifiers unique for a given isoform solutions containing OAc − as the anion show a specific bias towards the native globular form. However, the overall folding propensity in these solutions appears to be low. To quantify the extent of overall kosmotropicity of an IL, we have used the thermodynamic viscosity B-coefficients ( Fig. 4; Table 1 ). The viscosity B-coefficients are obtained from the Jones-Dole empirical equation of the relative viscosities of electrolyte solutions as a function of their concentrations (Jenkins and Marcus 1995) . Work by Zhao and coworkers shows correlations of the viscosity B-coefficient of an ion to its hydration radius Zhao 2006 Zhao , 2016 . In Fig. 4 , we have tried to find a relationship between the effective viscosity B-coefficient of the IL (given by the difference in anion and cation viscosity B-coefficients) and the percentage of globular or beads isoforms of AuIB in the different aqueous IL solutions.The plot shows that aqueous IL solutions with a higher effective B-coefficient value favor more globular and fewer bead isoforms for AuIB. Additional simulations with different ion combinations are required to establish this observation.
In order to have a better understanding of the systems, we have studied the structure of the solvation shell of AuIB in the five systems. Figure 5 shows the radial distribution functions, g(r), of the aqueous IL components around the peptide and those between water and the IL ions in the five solvation environments. All distributions, except that for OW-OW (OW: oxygen atom of water) are calculated within the first solvation shell of 7 Å around AuIB considering only the lowest temperature replica in each case. The peptide-cation g(r) plots (Fig. 5a) show that the distribution of IL cations around AuIB are almost the same for Im 21 + and Im 41 + , with the latter showing slightly higher occupancy around the peptide, irrespective of its counterion, OAc − or Cl − . However, the peptide-anion g(r) plots (Fig. 5b ) show significant variations with respect to shape. It appears that the aqueous IL solutions containing OAc − as the anion show noticeably higher anion accumulation around the peptide than those containing Cl − as the counterion. In fact, the Cl − ions seem to be selectively excluded from being very close to the peptide. This observation is reminiscent of the simulation results of Smiatek and co-workers, as mentioned previously (Diddens et al. 2017; Lesch et al. 2015) . The exceptional affinity of OAc − ion for AuIB dominates the first solvation shell of the peptide. This interaction is attributed to substantial H-bonding between the amino acid residues of AuIB and OAc − , as discussed later.
Since aqueous ILs solvating a biomolecule always invoke the manifestation of the Hofmeister effect (Hofmeister 1988), we would like to explore how the different combinations of ). The viscosity B-coefficient values for the cations and anions are taken from Zhao (2006) , following equations 4 and 5 Fig. 5 Radial distribution functions involving AuIB and the solvating species in neat water and four aqueous IL solutions: a peptide-cation; b peptide-anion; c water-cation; d water-anion; (e) between oxygen atoms of water within 2.5 Å from the peptide and f peptide-water. All the distributions except (e) are calculated within 7 Å from the peptide surface cation and anion in the aqueous IL perturb the water structures in the vicinity of AuIB. The g(r) plots between water and IL ions in the close vicinity of the peptide (Fig. 5c, d ) indicate the subtle effects of distress in the water structure caused by an ionic species. The effect fades away as the distribution encompasses larger radius around the peptide (Omta et al. 2003) . The plots indicate that the cations minimally interact with water in the vicinity of the peptide. However, if the cations are associated with OAc − as the counterion, they interact relatively more with water than in presence of Cl − as the counterion. The water-anion g(r) plots (Fig. 5d) , on the other hand, are very contrasting for OAc − and Cl − . The OAc − ion involves in significantly strong specific interactions with water having a notably close penetration distance. The Cl − ions, on the other hand, have a single site and are thus unable to come very close to the water molecules. This is also evident to some extent from the OW-OW g(r) plots (Fig. 5e ). The selected water molecules lie within a distance of 2.5 Å from the peptide and the g(r) plots are normalized with respect to the bulk. These distributions are overall pretty close to each other, within 3 Å, beyond which a very subtle decrease in the height of the distributions is noticed for the ILs. The chloride-containing ILs, on the other hand, show similar distributions as neat water. This probably indicates that the OAc − ions interfere with the strong H-bonding network of water clusters in the vicinity of the peptide by acting as a strong kosmotrope, while Cl − ions, being rather chaotropic, retain the water network relatively unperturbed. The last g(r) plot of this series ( Fig. 5f ) depicts how the water molecules are organized within 7 Å of AuIB. This figure shows a clear dehydration effect in the vicinity of the peptide induced by the water-IL mixtures containing OAc − as the anion. The Cl − -containing aqueous ILs, on the other hand, helped retain the water layer on the peptide surface to an extent even higher than that observed in case of neat water, possibly due to strong electrostatic interaction of the IL ions with the peptide and also their close association with water. When we discuss specific interactions of the solvent components with AuIB, the analysis of intra-peptide and peptidesolvent H-bonds comes inadvertently. Figure 6 shows Hbonding propensities between different combinations of peptide and solvent components. From Fig. 6a , it appears that the Cl − -containing ionic liquids promote more intra-peptide H-bonds than the OAc − -containing ones. The aqueous ILs containing OAc − ions engage in strong peptide-anion H-bonding, as evident from the distributions in Fig. 6c , thereby breaking the intra-peptide H-bonds. The entire H-bonding effect seems to be dominated by the IL anions in these four water-IL mixtures while the cationic counterparts play a small role. Overall, the number of intermolecular peptide-solvent H-bonds is higher in the OAc − ion-containing solvent mixtures than that in the chloride-containing ones. However, these are far less than that found in neat water. Fig. 6d shows the peptide-water H-bonds for all the systems involving only polar atoms (N, O, S) in AuIB. Notably, AuIB dissolved in aqueous IL solutions containing OAc − forms a higher number of H-bonds with the solvent than that found in the Cl − -containing water-IL mixtures. This is attributed to much higher involvement of the OAc − ions in H-bonding with both water and peptide. However, these numbers are significantly less when compared to the peptidewater H-bonding in neat water. The effect of the aqueous IL solutions on peptide compression can be ascertained by analyzing the backbone length of the peptide from the lowest temperature replica of AuIB in all five solvent systems (Fig. 7) . This plot shows an interesting bimodal behavior with a cross-over at~17.5 Å. relatively open conformer of the peptide. The fundamental cause of the difference in backbone lengths in the two populations are the closing-in/opening-up motions of the N-and C-terminal domains of the peptide, which either move closer or fall apart during the course of the conformation search. In Fig. 7b , we compare the same distributions for all the snapshots which satisfy the criteria of two S-S bond formation and are within the 5 × 5 Å 2 distance cutoffs. The last plot (Fig. 7c) shows the area normalized version of Fig. 7b , which avoids the effect of different number of snapshots falling within the cutoff in different mixtures. From Fig. 7b , c, the preferences for backbone length and the overall folding propensity of AuIB are clearly observed for the two sets of OAc − -and Cl − -containing aqueous IL solutions. Lastly, we need to compare the solvation energies of the peptide in these four water-IL mixtures. Figure 8 shows the weightage of electrostatic and van der Waals components to the total solvation energy. The analysis shows the striking lack of stabilization of the peptide AuIB in the aqueous [Im 21 (Diddens et al. 2017; Canchi and Garcia 2013) . Additionally, small non-coordinating ions like Cl − and BF 4 − are found to be preferentially excluded from close distances around peptide conformations. All these observations are qualitatively in line with our simulation results. 
